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FIG. 1 



CM 


56-J 


< 






to 




CO 




<& 




o 


u> 


/ 


T— 


P 


a 




LU 






55a 



Printed by Jouvo. 76001 PAHIS (FR) 

PAGE 9/47 " RCVD AT 9/30/2009 6:01 :34 PM [Eastern Dayligtit Time] " SVR:USPTO-EFXRF-S/35 * DNiS:2738300 " CS1D:13127048137 " DURATION (mm-ss):1 1-24 



09/*30/2009 WED 17:06 FAX 13127048137 



0010/047 



1 EP 1 506 861 A2 2 



Description 

BACKGROUND OF THE INVENTION 

1. Field of tlio Invention 

[0001] The present invention relates to a liquid dis- 
charger that discharges a droplet of pressurized liquid 
from an outlet onto an object by pressurizing the liquid 
with a force generated by a pressure-generating ele- 
ment and a method for adjusting the discharge. 

2, Oeecrrption of the Related Art 

[0002] As a liquid discharger, an InkJet printer for re- 
cording images and text is known. An inkjat printer Is 
advantageous in that the operational cost is low. the size 
Of the apparatus is small, and producing a colored ^age 
is easy. The ink of en InkJet printer Is stored in an ink 
cartridge for each color, such as y^low, magenta* oyan , 
and black, and is supplied to ink chambers in a printer 
head. 

[0003] In such an InkJet printer, the ink supplied to the 
Ink chambers is pressurized by a pressure-generating 
element, such as a heating resistor, disposed inside the 
ink chamber and, tlien, is discharged from a minute ink 
outlet on each ink c^anr^er (I.e., a nozzle). More specif- 
ically, the ink in an ink chamber is heated by a heating 
resistor, and an air bubble Is generated inside the ink 
chamber filled with ink. The size of the air bubble In- 
creases and the ink Is pressurized until the Ink Is finally 
discharged f ronn the nozzle. Images and text are printed 
by making the discharged Ink land on an object such as 
a sheet of recoiling paper. 

[0004] There are two types of Inkjet printers: a so- 
called serial printer and a so-called line printer For the 
serial printer, an ink head moves in the width direction 
of the recording paper (I.e., the direction substantially 
orthogonal to the feeding direction of the recording pa- 
per) to discharge ink of a predetermined color onto a 
sheet of recording paper. For the line printer, ink is dis- 
charged from nozzles aligned along substantially the 
entire width of the recording paper. 
[0005] A serial printerstops feeding the recording pa- 
per when the ink head moves in the direction substan- 
tially orthogonal to the feeding direction of the recording 
paper Then, the serial printer prints on the recording 
paper by repeatedly moving the ink head while ink is 
discharged on the recording paper 
[0006] A line printer generally has a fixed ink head. 
The line printer prints on a sheet of recording paper be- 
ing uninterruptedly fed by discharging ink from a linear 
ink head fixed across the width of the sheet of recording 
paper 

[0007] Accordingly, since the line printer, unlike the 
serial printer, does not move the Ink head, It is advanta- 
geous in three points: 1 ) high printing speed taster than 
a serial printer is possible; 2) Ink capacity can be In- 



creased by increasing the size of each ink cartridge; and 
3) the structures of head chips, head cartridges, and ink 
tanks can be simplified. 

[Q008] In the above-descrbed line printer, the record- 
5 fng paper must be fed. Therefore, the printing accuracy 
of the image and text depends on the accuracy of the 
timing the ink lands on the recording paper being Jed, 
[0009] To solve such a problenn, the timing of the ink 
landing on the recording paper Is controlled in the line 

10 printer, for example, by using a servo motor for control- 
ling t^. G feeding speed of the recording paper so that the 
recording paper Is fed at a constant speed and by gen- 
erating a pulse synchronized with the feeding of the re- 
cording paper by an encoder. 

J5 [001 0] Even when a servo motor Is used, as described 
above, expansk>n and contraction of an image maybe 
prevented, but slight unevenness in the color tone (i.e., 
unevenness in the density of t.^e color) caused by an 
instantaneous change in the tir*'^i ol the Ink landing on 

^ the recording paper can not i;e orevented. In other 
words, if the control of the feedlr»9 speed of the recording 
paper by the servo motor is delayed or quickened In- 
stantaneously for merely several microseconds, the 
landing position of the Ink discharged onto this portion 

2$ of the recording paper will be displaced. Consequently, 
When a series of Ink droplets are discharged, the ink 
droplets will land close together In some parts and far 
apart In other parts, causfng change in the concentration 
of the color that appears as unevenness In the density 

30 of the color or white stripes. Uneven color density and 
white stripes appearing in a direction orthogonal to the 
feeding direction of the recording paper become prom- 
inent, for example, when an Image Is printed at a con- 
stant color tone. 

39 [001 1 1 in generally, the line printer prints by feeding a 
sheet of recording paper so that the sheet passes right 
under the fixed ink head having nozzles aligned in the 
direction perpendicularto the feeding direction of the re- 
cording paper. For this reaso*- if the discharge direction 

40 of the ink discharged from c.->ch of the nozzles on the 
line is not stabilized, a faulty nozzle having a discharge 
direction different from the other normal nozzles will 
cause uneven color density and stripes. 

[001 2] On the other hand, for a serial printer, an image 
45 can be printed by overlapping the ink. More specifically, 
by setting a predetermined area where a first printed im- 
age and a second printed image overlaps for when an 
Image is printed while the paper feeding is stopped, the 
concentration (tone) of the color is averaged and une- 
50 venness color density and white stripes formed in the 
feeding direction of the recording paper can be sup- 
pressed. Overlapping the ink, however, may prevent un- 
even color density and white stripes, but, at the same 
time, may increase the printing time and the amount of 
55 ink used for printing. 

[001 3] To solve such problems, a method for control- 
ling the direction of Ink discharged from a printer head 
is disclosed, for example, in Japanese Unexamined Pat- 
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ent Application Publication No. 2000-185403. The dis- 
charge direction is controlled by disposing a plurality of 
heating resistors so that they oppose the nozzles for dis- 
charging ink and are plane symmotrical to each other in 
respect of the plane Including th© center line of the noz- 
zles to change the heating value of each of the heating 
resistors. 

[001 4] A head chip having the above-mentioned heat- 
Ir^g resistors controls the direction of InK discharged from 
nozzles by changing the heating value of each heating 
resistor. Therefore, it the boating value of each heating 
resistor is not controlled appropriately and ink is not dis- 
charged In a predetemifned direction, the Ink does not 
land on the target landing position on the recortling pa- 
per. Accordingly, the printed Image cannot be Improved 
and degradation of the image cannoi be prevented. The 
landing positton is also affected by the distance between 
the nozzle and the recording paper. When this distance 
changes, the landing point of the ink droplet also chang- 
es, making It difficult to Improve the printed Image and 
to prevent degradation of the printed image. To malce 
the ink discharged from each nozzle land at a target 
landing position, the healing value of each heating re- 
sistor (i.e., the amount of energy, such as an electrical 
current, supplied to each heating resistor for heating 
each heating resistor) must be detennined to obtain a 
predetermined discharge angle corresponding to the 
distance between the nozzle and the recording paper. 
[0O15] To detemriine the amount of energy, such as an 
electrical cun-ent, supplied to one of the heating resis- 
tors for heating the heating resistor, the relationship be- 
tween the discharge angle and the amount of energy 
must be calculated based on an observation of the tra- 
jectory of the. Ink discharged from the con-ospondtng 
nozzle, and the distance between the nozzle and the 
recording paper must be measured. Another method for 
detemiinlng the heating value of each heating resistor 
for discharging ink at a predetemrilhed discharge angle 
Is to observe the change In the landing positions on the 
recording paper of the Ink discharged at different dis- 
charge angles. In this method, however, much equip- 
ment including measuring instruments and time are re- 
quired to calculate the heating value of each heating re- 
sistor for discharging Ink at a predetermined discharge 
angle. The structure of the system also becomes large, 
and reducing the size, weight, and energy consumption 
becomes difficult. 
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SUMMARY OF THE INVENTION 

[001 6] An object of the present Invention Is to provide 
a liquid discharger capable of controlling the discharge 
direction of a droplet and preventing a decrease In Im- 
age quafity, and a liquid discharge adjusting method ca- 
pable of easily adjusting the discharge direction of a 
droplet. 

[0017] The Ikjuid discharger according to the present 
invention includes discharge means, which further In- 



90 



55 



eludes a liquid chamber for storing liquid, a supplier tor 
supplying liquid to the liquid chamber, at least two pres- 
sure-generating elements for pressuring the liquid 
stored in the liquid chamber disposed In each liquid 
chamber, and a discharging outlet for discharging a 
droplet pressurized by each pressure-generating ele- 
ment from the llqukf chamber to an object, discharge 
controlling means for driving each pressure-generating 
element and controlling the discharge angle of the drop- 
lot when discharged from the discharging outlet, and 
color tone detection means for detecting the color tone 
of a droplet-landing region of the object, wherein the dis- 
charge controlling means drives each pressure-gener- 
ating element based on a color tone detection signal 
from the color detection means and adjusts the dis- 
charge angle. 

[001 8] In this liquid discharger, the discharge control- 
ling means drives each pressure-generating element 
based on a color tone detection signal In accordance 
with the color ton© of the droplet-landing region detected 
by the color tone detection means. In this way, the dis- 
charge angle when a droplet Is discharged from the dis- 
charging outlet can be adjusted to an angle of which a 
predetemiined color tone (i.e., color density and bright- 
ness) forthe droptetHanding region on the object can be 
obtained. 

[0019] In the liquid discharge adjusting method ac- 
cording to the present invention, each of the pressure- 
generating elements of the discharge means Is drfven 
by the discharge controlling means so that droplets are 
cfischarged from the discharge outlet at different dis- 
charge angles, the droplets land on the object at differ- 
ent discharge angles, the color tone of the droplets on 
the object Is detected by the color tone detection means, 
and the discharge angle is adjusted by drMng each 
pressure-generating element In accordance with a cotor 
tone detection signal from ttie color tone detection 
means. 

[0O20] In the liquid discharge adjusting method ac- 
cording to the preserrt invention, the. discharge control- 
ling means drives each pressure-generating element In 
accordance with a color tone detection signal of the 
color tone of the droplet-landing region on the object de- 
tected by the color tone detectfon means. In this way, 
the discharge angle Is adjusted to an angle of which a 
predetemirned color tone forthe droplet-landing region 
on the object can be obtained. 
[0021] According to the present invention, the droplet- 
landing position on the object according to the distance 
from the discharging outlet to the object can be detected 
by measuring the color tone of the droplet-landing re- 
gion on the object, and the discharge angle can be ad- 
justed. 

[0022] In this way, according to the present Invention, 
the imago quality can be easily optimized even when 
the thickness of the object changes, the discharge angle 
changes due to the environment, or the type of liquid 
discharged onto the object changes. 
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of the control circuit; 

f ig. 19 is illustrates the discharge controlling unit 
controlling the discharge direction of a ink droplet i, 
wherein Fig . 1 9A Is a schematic view of the ink drop- 
s let discharged substantially perpendicularly down- 
ward, Fig. 1 9B is a schematic view of the ink droplet 
discharged substanUally diagonally In the width di- 
rection of the sheet of a recording paper in respect 
to the center of the nozzle, and Fig. 19C is a sche- 
10 matic view of the In K droplet discharged substantial- 
ly diagonally in the other width direction of the eheet 
of a recording paper in respect to the center of the 
nozzle; 

Fig. 20 is a flow chart describing the discharge dl- 
IS rection adjustment operation of the Inkjet printer; 

Fig. 21 is a flow chart describing the discharge di- 
rection adjustment operation of the inkjet printer; 
Fig. 22 is a side view of the inkjet printer partially 
showing the inner structure with an open head cap 
^ closing mechanism; 

Fig. 23 Illustrates test patterns on a sheet of record- 
Ing paper printed by the inlqet printer, wherein Rg. 
23A is a schematic view illustnating the ink droplet 
landing points for when thecolortone is the lightest, 
25 Fig. 23B ts a schematic view lllustratrngthe Ink drop- 
let landing points for when the color tone is dark, 
Fig. 23C Is a schematic view ilJustrating the ink 
droplet landing points for when the color tone is the 
darkest , Fig . 230 is a schematic view illustrating the 
30 ink droplet landing points for when the color tone 
changes to light from dark, Fig. 23E is a schematic 
view Illustrating the Ink droplet landing points for 
when the colortone changes back from dark to light; 
and 

9s Fig. 24 illustrates another embodiment oi a printer 
head according to the present invention, wherein 
Fig. 24A is a plan view of heat resistors disposed 
serially in the feeding direction of the recording pa- 
per, Fig. 24B Is a plan view of three heat resi.^^.ors 
40 disposed inside the ink channber, and Ftg. 24C is a 
plan view of four heat resistors disposed inside the 
ink chamber. 

DESCRIPTION OF THE PREFERRED 
45 EMBODIMENTS 



[CM)23] According to the present Invention, Individual 
differences, such as differences in the distance from the 
discharging outlet to the object or differences in the dis- 
charge means, may be easily acQusted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

Fig. 1 is a perspective view of an inkjet printer ac- 
cording to the present invention; 
Fig. 2 Is a perspective view of an inkjet printer head 
cartridge included in the Inkjet printer according to 
the present Invention; 

Fig. 3 Is a cross -sectionai view of the inkjet printer 
head cartridge in eluded in the inkjet printer accord- 
ing to the present invention; 
Rg. 4 is schematic view illustrating a closed supply 
port of a liquid supplier with an ink cartridge dis- 
posed in the InkJet printer head cartridge; 
Fig. 5 is schematic view illustrating an open supply 
port of a liquid supplier with an ink cartridge dis- 
posed in the Inkjet printer head cartridge; 
Fig. 6. ts a schematic view illustrating the relation- 
ship between the ink cartridge of the inkjet printer 
head cartric^e and a printer head; 
Fig. 7 is a cross-sectional view of a ctosed valve of 
the valve mechanism of the connecting portton of 
the ink cartridge; 

Fig. 8 Is a cross-e actional view of an open vah^e of 
the valve mechanism of the connecting portion of 
the ink cartrkJge; 

Fig. 9 Is a cross-section view of the printer head of 
the Inkjet printer head cartridge; 
Fig. 1 0 Is an exploded perspective view of the print- 
er head; 

Fig. 11 Is a plan view of the printer head; 
Fig. 1 2 is a cross-sectional view illustrating the print- 
er head discharging an ink droplet wherein air bub- 
bles of substantially the same size are formed In- 
side an ink chamber; 

Fig. 13 is a cross-sectional view illustrating the prints 
er head discharging an ink droplet wherein an Ink 
droplet is discharged substantially perpendicular!/ 
downward from a nozzle; 

Fig. 14 is a cross-sectional view illustrating the print- 
er head discharging an ink droplet wherein differ- 
ent-sized air bubbles are fonned inside an Ink 
chamber; 

Fig. 1 5 is a cross-sectional view illustrati ng the print- 50 
er head discharging an ink droplet wherein an ink 
' droplet Is discharged substantially diagonally from 
the nozzle; 

Fig. 16 is a side view of the inkjet printer partially 
showing the inner stnjcture; 
Fig. 1 7 is a block diagram Illustrating control circuits 
of the Inkjet printer; 

Fig. 18 isaschematic viewof adischargecontroller 



[0025] A liquid dischargerand liquid discharge adjust- 
ment method according to the present Invention will now 
be described by referring to the drawings. An inkjet print- 
er (hereinafter referred to as a 'printer') 1 . as Illustrated 
in Fig. 1 , is for printing images and text on a sheet of 
recording paper P delivered In a predetermined direc- 
tion by discharging Ink onto the sheet of recording paper 
P. The printer 1 is a line printer having ink discharging 
outlets (nozzles) aligned substantially linearly across 
the printing width of the shaet of recording paper P In 
the direction indicated by an arrow W in Fig. 1 , which is 
the width direction of the sheet of recording paper P. 
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[0026] The printer 1 incfudes an Inkjet printer head 
cartridge (hereinafter referred to as a head cartridge) 2 
for discharging ink 4 (refer to Fig. 3) stored in Ink car- 
tridges 11 y, 11m, 11c, and Ilk and a printer body 3 hold- 
ing the head cartridge 2. The head cartridge 2 is remov- 5 
able from the printer body 3. and the ink cartridges 11y, 
11m, 11c, and llkwhteh supply the lnk4 areremovabte 
from the head cartridge 2. The ink cartridge 11 y contains 
yellow ink. the ink cartridge 11m contains magenta Ink, 
the Ink cartridge 1 1 c contains cyan Ink, and the Ink car- io 
tridge 11 k contains black ink. Th© head cartridge 2 and 
the Ink cartridges 11 y, 11 m , 11 c. and 1 1 k are disposable 
and can be replaced. 

[00271 The printer 1 includes a tray 55a for storing a 
stack of recording paper P, the tray S6a being disposed ?5 
in a tray Insertion slot formed on the fonvard bottom of 
the printer body 3. Sheets of recording paper P stored 
in the tray S5a are supplied to the printer body 3. When 
thetraySSa is Inserted from the front of the tray Insertion 
slot of the printer body 3. a paper feeding mechanism 20 
54 (refer to Fig, 16) feeds a sheet of the recording paper 
F from a paper feeding slot 56 towanJ the back of the 
printer body 3. The feeding direction of the sheet of re- 
cording paper P sent to the back of the printer body 3 is 
reversed by a reverse roller 83. The sheet of recording 2s 
paper P rs then sent to the front of printer body 3 through 
a return path above the forward path. Until the sheet of 
reconding paper P sent from the back to the front of the 
printer body 3 is discharged from a paper discharge slot 
56, print data corresponcfing to text data and graphtoai ao 
data input from an information processing apparatus 
. such as a personal computer are printed on the sheet 
of recording paper P as text and images. 
1P028] The head cartridge 2 for printing text and im- 
ages on the sheet of recording paper P is installed into 33 
the printer body 3 from the upper surface into a direction 
A indicated in Fig. 1 . To print text and images on the 
sheet of recording paper P, the head cartridge 2 dis- 
charges the ink 4 onto the sheet of recording paper P 
delivered by the paperfeeding mechanism 64. The head 4o 
cartridge 2 removable from the printer body 3 and the 
ink cartridges 11y, 11m, 11c, and 11 k removable from 
the head cartridge 2 will now be described by refen-lng 
to the drawings. 

[0029] The head cartrkfge 2 discharges the ink 4, 45 
whteh is aconductive liquid, as fine partteles by applying 
pressure to the Ink 4 generated by an electro-thermal or 
electro-mechanical priessuring unit In particular, the 
head cartridge 2 includes a cartridge body 21 , as Illus- 
trated In Rgs. 2 and 3; the ink cartridges 11 y. 11m. 11c. 50 
and 11k containing the Ink 4 are disposed in the car- 
tridge body 21 . Hereinafter, each of the 'ink cartridges 
1 1 y, 1 1 m. 1 1 c. and 1 1 k" may be simply referred to as the 
'Ink cartridge 11'. 

[0030] The ink cartridge 11, illustrated in Fig. 3. re- 55 
movable from the head cartridge 2 Includes a strong, 
ink-resfstant cartridge container 12 that is an injectiori 
molded container composed of resin such as polypro- 



pylene. The cartridge container 12 has a rectangular 
shape wherein the longitudinal length Is substantially 
the same length as the width of the recording paper P. 
The cartridge container 12 is shaped so thai its Inner 
volume Is maximized to hold as much Ink as possible. 
[0031] . The cartridge container 12 of the mk cartridge 
11 includes an Ink storage 13 for storing the ink 4, an 
Ink supply unit 14 for supplying the ink 4 from the ink 
storage 13 to the cartridge body 21 , a communicating 
hols 1 5 for taking in air from the outside into the ink stor- 
age 13, an air channel 16 for sending the air taken In 
from the communlcaUng hole 16 to the ink storage 13, 
an Ink reservoir 1 7 fortemporarily retainin g the ink 4 be- 
tween the communicating hole 15 and the air channel 
16, and a latching protrusion 18 and a latching portion 
1 9 for latching the Ink cartridge 1 1 to the cartridge body 
21. 

[0032] The ink storage 13 includes a space for con- 
taining the ink 4 sunrounded by an alr-tajht material. The 
ink storage 13 has a rectangular shape wherein the lon- 
gitudinal length (the length of the side substantially or- 
thogonal to the feeding direction of the recording paper 
P) Is substantially the same length as the width of the 
recording paper R 

[0033] The ink supply unit 1 4 is disposed in substan- 
tially the center of the lower portfon of the fnk storage 
13. The ink supply unit 14 Is a nozzle forming a slight 
protrusion communicating with the ink storage 13. The 
Hp of the nozzle is engaged with an after-mentioned con- 
nector 26 of the head cartridge 2. In this way, the car- 
tridge contalrter 12 of the Ink cartridge 11 and the car- 
tridge body 21 ot the head cartridge 2 are connected. 
[0034] As Illustrated in Figs. 4 and 5. the Ink supply 
unit 14 includes a supply port 14b for supplying the Ink 
4 on the bottom surface 14a ol the ink cartridge 11. a 
valve 14c for opening and closing the supply port 14b, 
a.coii spring 14d urging the valve 14c in a direction that 
closes the supply port 1 4b, and an opening pin 14e for 
opening and closing the valve 14c. As illustrated in Fig. 
4, before the ink cartridge 11 is disposed In the cartridge 
body 21 of the head cartridge 2, the supply port 1 4b Is 
closed by the valve 14c urged by the coil spring 14d. 
When the Ink cartridge 11 Is disposed in the cartridge 
body 21, as illustrated In Fig. 5. the opening pin 14e Is 
pushed upwards In the direction opposite to the urging 
direction of the coil spring 14d by the connector 26 of 
the cartridge body 21 . Accordingly, the opening pin 14e 
pushes the valve 1 4c against the urging fon^e of the coil 
spring 1 4d and opens the supply port 1 4b. Consequent- 
ly, the Ink supply unit 14is connected with the connector 
26 of the head cartridge 2, causing the Ink storage 13 
to communteate with an Ink holder 31 (refer to Rg. 6). 
In this way, the ink 4 can be supplied to the ink holder 31 . 
[0035J When the In k cartridge 1 1 is pulled out from the 
connector 28 on the head cartridge 2 or, in other worrls, 
when the ink cartridge 11 is removed from loading sec- 
lion 22, the valve 14c is released from the opening pin 
I4e and moves in the direction urged by the coil spring 
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14d to close the supply port 14b. In other words, the rnk 
4 is prevented from leaking from the Ink storage 1 3 even 
when the Up of the Ink supply unit 14 is pointing down- 
wards Immediately before the ink cartridge 11 Is dis- 
posed In the cartridge body 21 . When the Ink cartridge 
11 is pulled out from the cartridge body 21, the valve 14c 
Immediately closes the supply port 14b to prevent the 
ink 4 from leaking out of the tip of the ink supply unit 14. 
[0036] Asiflustratedin Fig. 3, the communicating hole 
15 (6 a ventilation hole for taking in air from the outside 
of the Ink cartridge 11 into the ink storage 13. The com- 
municating hole 15 is formed on the upper surface of 
the cartridge container 12 (substantially in the center of 
the upper surface in the drawing) facing the outside so 
that outside air can be taken into the ink storage 1 3 even 
when the head cartridge 2 is disposed in the loading sec- 
tion 22. When the ink cartridge 1 1 is disposed In the car- 
tridge body 21 and the ink 4 starts to flow from the Ink 
storage 13 to the cartrWge body 21 . the communicating 
hole 1 5 takes in air from the outside into the ink cartridge 
1 1 ; the amount of air taken in is the same volume as the 
ink 4 that has flowed out, 

[0037] Theairchannelieconnectethe inkstorage 13 
with the communicating hole 15, and guides the air tak- 
en in from the communk:atlng hole 1 5 Into the ink stor- 
age 1 3. In this way. when the amount of Ink 4 inside the 
ink storagie 13 is decreased and the inner pressure of 
the ink storage 1 3 is reduced while the cartridge body 
21 Is disposed in the ink cartridge 11 . air Is sent into the 
ink storage 13 through the air channel 16. Hence, the 
Inner pressure of the ink storage 13 Is maintained at 
equlilbrfum, and Tha Ink 4 can be properly supplied tc 
the cartridge body 21 . 

[D038] The ink reservoir 1 7 is formed between the 
communicaUng hole 16 and the air channel 16. The Ink 
reservoir 17 Is formed to temporarily retain the ink 4 
when the ink 4 leaks out from the air channel 1 6 com- 
municating with the ink str-rage 13 and to prevent the 
ink 4 from leaking directly outside the head cartridge 2. 
£0039] The ink reservoir 17 is shaped substantially as 
a diamond wherein the longer diagonal line extends in 
the longitudinal direction of the Ink storage 13. The air 
channel 1 6 is formed at the lowest vertex (the lower end 
of the shorter diagonal line) of the diamond shaped ink 
reservoir 17. The ink 4 In the ink reservoir 17 that has 
flowed In from ihs ink storage 13 can flow back to the 
Ink storage 13 through the air channel 16. The commu- 
nicating hole 1 5 is formed at the upper vertex (the upper 
end of the shorter diagonal line) of the diamond shaped 
Ink reservoir 17. The communicating hole 15 prevents 
the ink 4 in fhe Ink reservoir 17 that has flowed in from 
the Ink storage 13 from leaking outside the head car- 
tridge 2. 

[0040] The latching protrusion 18 is a protrusion 
fonnned on the one of the short skJas of the ink cartridge 
1 1 . The latching protrusion 1 8 engages with an engage- 
ment hole 24a formed on a latching lever 24 on the car- 
tridge body 21 of the head cartridge 2. The upper sur- 



face of the latching protrusion 18 is substantially orthog- 
onal to the side of the ink cartridge 11 and the lower sur- 
face is an inclined surface connecting the upper surface 
and the side of the Ink storage 13. The latching portion 

5 1 9 Is fomied on the side of the Ink cartridge 1 1 opposite 
from the side on whk:h the latching protrusion 1 8 is 
formed. The latch Ing portion 1 9 includes an inclined sur- 
face 1 9a contacting one of the ends of the upper surface 
of the cartridge container 12 and a flat surface 1 9b sub- 

10 stantlally parallel with the uppersurface of the cartridge 
container 1 2. The height of tho side of the cartridge con- 
tainer 1 2 having the flat surface 1 9b Is a step lower than 
the upper surface of the cartridge container 12. The 
latching portion 19 engages with latching pieces 23 of 

IS the cartridge body 21 . The latching portion 1 9 Is formed 
on the side of the ink cartridge 11 thai Is first inserted 
into the head cartridge 2. When the ink cartridge 11 is 
inserted into the loading section 22 and engaged with 
the latching pieces 23. the latching portion 19 functions 

20 as a rotational supporting point for Inserting the ink car- 
tridge 1 1 into the loading section 22. 
[0041 ] in addition to the above-described, the Ink car- 
tridge 11 may Include, for example, a remaining ink de- 
tector for detecting the amount of remaining ink4 Inside 

25 the ink storage 1 3 and an identifying unit for identifying 
the ink cartridges 11y, 11m. 11c, and 11k. 
(0042] Next . th e head cartridge 2 including the ink car- 
tndgeslly. 11m, lie, and Ilk for storing the yellow, ma- 
genta, cyan, and black ink, respectively, will be de- 

30 scribed. 

[0043] As illustrated in Figs. 2 and 3. the head car- 
tridge 2 Includes the cartridge body 21. The cartridge 
body 21 Includes the four loading sections 22y. 22m, 
22c, and 22k (hereinafter may also be referred to as the 
'loading section 22*) for disposing the Ink cartridges 1 1 y, 
11m, 11c, and 11k, respectively, the latching piece 23 
and the latching lever 24 for fixing the Ink cartridge 11 , 
an urging menrt)er 25 for urging the Ink cartridge 11 In 
the ejecting direction, the connector 26 connected to the 
40 ink supply unit 1 4 to supply the Ink 4, a printer head 27 
for discharging the ink 4. and a head cap 28 for protect- 
ing the printer head 27. 

[0044] The loading section 22 In which the ink car- 
tridge 1 1 is disposed is a depression opening upwards. 

43 The four ink cartridges 11y, 11m, 11c, and 11k are dis- 
posed in a direction substantially orthogonal to the width 
direction of the recording paper P; in other words, the 
Ink cartridges 11y, 11m, 11c, and 11k are aligned in the 
direction the sheet of recording paper P Is delivered. The 

so loading sectbn 22 extends in the same direction to store 
the ink cartridges 11y. 1 1m, 11c, and 11k. The ink car- 
tridges 11y, 11 m, 1 1 c, and 11 k an& storedinthe cartridge 
body 21 . 

[0045] As illustrated in Fig. 2. there are four loading 
55 sections 22where the ink cartridges 11 y» 11m, 11c, and 
11k are disposed. The yellow Ink cartridge 11y is dis- 
posed In the loading section 22y, the magenta Ink car- 
tridge 11 Is disposed in the loading section 22m. thecy- 
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an ink cartridge 11c is disposed in the loading section 
22c, and the black ink cartridge 11 k is disposed in the 
loading section 22k. Each of the loading sections 22y. 
22m. 22c, and 22k are separated by a wall 22a. Since 
black ink Is consumed the most in general, the black ink 
cartridge 11 1^ has the largest ink content. Thus, the black 
ink cartridge 1 1 k has the largest cartridge width. There- 
fore, in accordance with the black ink cartridge 1 1 k, the 
loading section 22k has a larger width compared to the 
other loading sections 22y. 22m, and 22c. 
[004$] As illustrated in Fig. 3. the latching pieces 23 
are formed at the edge of the opening of the loading sec- 
tion 22. The latching pieces 23 are formed on one of the 
edges of the loading section 22 in the longitudinal direc- 
tion and engage with the latching portion ig of the ink 
cartridge 1 1 . The Ink cartridge 11 Is disposed in the load- 
ing section 22 by first obliquely inserting a first end hav- 
ing the latching portion 19 Into the k>adlng section 22. 
Then, a second end, which Is the other end without the 
latching portion 19, is inserted into the loading section 
22 by pivoting the ink cartridge 1 1 around the rotational 
support point, which is the point where the latching por- 
tion 19 Is engaged with the latching pieces 23. in this 
way, the ink cartrlcige 11 can be easily disposed in the 
loading section 22. 

[0047] The latching lever 24 is made by bending a flat 
spring. The latching lever 24 is fonned on the side of the 
loading section 22 opposite to the side having the latch- 
ing pieces 23 or, In other words, the longitudinal end op- 
posite to the latch ing pieces 23. The base of the latch ing 
lever 24 Is romned Integrally with the bottom surface of 
the longitudinal end of the loading section 22 opposAe 
to the latching pieces 23. The tip of the latching lever 24 
Is formed so that It Is slightly separated from the side of 
the loading section 22 by a resilient force. The engage- 
ment hole 24a is fonmed on the tip of the latching lever 
24. The latching iever 24 is resilientfy defomned when 
the ink cartridge 11 Is inserted Into the loading section 
22. In this way, the engagement hole 24a is engaged 
with the latching protrusion 1 8 to fix the ink cartridge 1 1 
to the loading section 22. 

[0048] As Illustrated in Fig. 3, the urging member 25 
is disposed on the bottom surface of the loading section 
22 on the same side as the latching lever 24 so that a 
flat. spring Is bent to urge the ink cartridge 11 in the di- 
rection that removes the ink cartridge 11 from the load- 
ing section 22. The urging member 25 has a tip formed 
by bending the flat spring and resillently deforms so that 
it slightly separates from the bottom surface. In other 
words, the lip urges the bottom surface of the ink car- 
tridge 11 , The urging member 25 functions as an eject- 
ing member for removing the ink cartridge 11 inserted 
into the loading section 22. When the engagement of 
the engagement hole 24a of the latching lever 24 and 
the latching protrusion 18 is released, the ink cartridge 
1 1 Is ejected from the loading sectbn 22. 
[0049] The connector 26 for connecting the ink supply 
unit 14 of the Ink cartridge 11 when the ink cartridge 11 



is disposed In the loading section 22 is formed In sub- 
stantlaiiy the center In the longitudinal direction of the 
loading section 22. The connector 26 functions as an 
Ink channel for supplying the ink 4 from the ink supply 
s unit 14 of Uie Ink cartridge 11 disposed in the loading 
section 22 to the printer head 27 for discharging the ink 
4 disposed on the bottom of the cartridge body 21 . 
[005O] In particular as Illustrated in Fig. 6, the con- 
nector 28 includes the ink holder 31 for holding the ink 

'10 4 supplied from the ink cartridge 1 1 . a sealing member 
32 for sealing the ink supply unit 14 connected to the 
connector 26, a filter 33 for removir^g unwanted material 
In the ink 4, and a valve mechanisni 34 for opening and 
closing the Ink channel to the printer head 27. 

15 [0061 ] The ink holder 31 is a space connected to the 
Inksupply unit 1 4 for holding the ink 4 supplied from the 
Ink cartridge 11 . The sealing member 32 Is disposed on 
the upper end of the ink holder 31 . The seeding member 
32 seals the space between the ink hoider31 ot the con- 

20 nector 26 and the ink supply u nit 1 4 of the ink cartridge 
11 so that the ink 4 does not leak when the ink supply 
unit 14 Is connected to the Ink holder 31. The filter 33 
removes dust and dirt that has contaminated the ink 4 
when the Ink cartridge 11 is removed. The filter 33 Is 

23 disposed downstream of the ink holder 31 . 

[0052] As Illustrated In Figs. 7 and 8, the valve mech- 
anism 34 includes an ink inflow channel 34a through 
which the ink 4 is supplied from the ink holder 31 . an ink 
chamber 34b in which the Ink 4 flows from the Ink Inflow 

30 channel 34a, an Ink outflow channel 34c thrr^ugh which 
the Ink 4 flows from the ink chamber 34b, and an open- 
ing 34d connecting the Ink inflow channel 34d and the 
Ink outflow channel 34c ot the ink chamber 34b, a valve 
34e for opening and closing the opening 34d, an urging 

35 member 34f for urging the valve 34e in the direction that 
closes the opening 34d, a negative pressure adjustment 
screw 34g for adjusting the force of the urging member 
34f, a valve shaft 34h connected with the vaive 34e, and 
a diaphragm 34i connected with the valve shaft d4h. 

40 |p0S3] The Ink inflow channel 34a is a supply channel 
connected with the ink storage 1 3 so that the ink 4 inside 
the ink storage 13 can be supplied to the printer head 
27 through the ink holder 31. The ink inflow channel 34a 
is extended from the bottom surface of the ink holder 31 

45 to the ink chamber 34b. The ink chamber 34b is a space 
shaped substantially as a rectangular parallelepiped 
Joining the Ink Inflow channel 34a, the Ink outflow chan- 
nel 34c, and the opening 34d. The ink 4 flows into the 
ink channber 34b from the ink inflow channel 34a and 

so flows out of the ink outflow channel 34c through the 
opening 34d. The Ink4ls supplied from the Inkchamber 
34b through the opening 34d. The ink outflow channel 
34c is a supply channel connected to the printer head 
27 and extends from the bottom surface of the Ink chann- 

55 ber 34b to the printer head 27. 

[0054] The valve 34e is a valve separating the ink in- 
flow channel 34a and the ink outflow channel 34c by 
closing the opening 34d and is disposed inside the ink 



7 

PAGE 15/47 * RCVD AT 9/30/2009 6:01 :34 PM [Eastern Daylight Time] " SVR:USPTO-ePXRF*5/35* DNIS:2738300 " CSID:1 31 27048 137 * DURATION (nrinn-ss):1 1-24 



09/'30/2009 WED 17:08 FAX 13127048137 



12)016/047 



13 EP 1 506 

chamber 34b. The valve 34e moves up and down by the 
urging force of the urging member 34f, the restoring 
force of tne diaphragm 341 conndcted to the valve 34e 
via the valve shaft 34h , and the negative pressure of the 
inK 4 In the Ink outflow ch annel 34c. When the valve 34e 3 
Is at a tower position, It closes the opening 34d by sec- 
tioning the ink chamber 34b Into two sections and iso- 
lating the ink inflow channel 34a frvm the Ink outflow 
channel 34c. When the valve 34e Ib at an upper position 
by opposing the urging force of the urging member 34f, to 
th^ valve 34e does not separate the ink chamber 34b 
Into two sections, and, thus, the Ink 4 can be supplied 
to the printer head 27. The valve 34e ie composed of, 
for example, a rubber material such as an elastomer, to 
maintain high occluslveness. ts 
£0055] The urging member 34f is, for example, a com- 
pressed coil spring and connects the negative pressure 
adjustment screw 34g and the valvu 34e between the 
upper surface of the valve 34e and the upper surface of 
the ink chamber 34b. The urging member 34f urges the 20 
valve 34e in the direction that closes the opening 34d. 
The negative pressure adjustment screw 34g is a screw 
for adjusting the urging force of the urging member 34f . 
Ae described below, by adjusting the negative pressure 
adjustment screw 34g. the negative pressure of the fnk 2s 
4 moves the valve 34e to open or close the opening 34d. 
[0056] The valve shaft 34h is a shaft for connecting 
the valve 34e fixed to one end of the valve shaft 34h and 
the diaphragm 34i fixed on the other end of the valve 
shaft 34h. The diaphragm 341 is a thin resilientplatecon- so 
nected to one end of the valve shaft 34h. The diaphragm 
34j includes a surface facing the Ink outflow channel d4c 
of the Ink chamber 34b and another surface facing the 
outside. The diaphragm 341 bends towards the outside 
of the ink outflow channel 34c according lo the negative ss 
pressure of ihe atmosph^^re and the Ink 4. 
[0057] The valve 34e of the vah/e mechanism 34 hav- 
ing the above-described structure, as illustrated in F^. 
7, is pushed against the opening 34d of the ink chamber 
34b by the urging forces of the urging member 34f and 40 
the diaphragm 34i to close the opening 34d. When the 
ink 4 is discharged from the printer head 27 and the neg- 
ative pressure of the ink 4 in the section of the Ink cham- 
ber 34b on the side of the ink outflow channel 34c sep- 
arated by the opening 34d increases, the diaphragm 341 45 
is pressed downwards due to the negative pressure of 
the ink 4, as Illustrated in Fig. 8. Then, the valve shaft 
34h and the valve 14c are pushed up against the urqing 
force of the urging member 34f. Atth' *ime, the op^. i 
34d connecting the ink. inflow char j4a and th. so 
outflow channel 34c Is opened, ano ink 4 Is sue :l 
from the Ink inflow channel 34a to t» . i :nk outflow c.*!:i.i- 
nel 34c. Subsequently, the negative pressure ol the ink 
4 is decreased, and the diaphragm 341 returns to its orlg- 
inal state by Its restoring force. The valve shaft 34h and ss 
the valve 34e are pulled up by the urging force of the 
urging member 34f to close the opening 34d of the Ink 
chamber 34b. The valve mechanism 34 repeats the 
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above^described movement every time the ink 4 Is dis- 
charged and the negative pressure of the Ink 4 increas- 
es. 

[oosaj When the amount of ink 4 inside the Ink storage 
13 decreases because the Ink 4 Is supplied to the ink 
chamber 34b, the outside air enters from the air channel 
1 6 into the ink cartridge 1 1 . The air entering the ink car- 
tridge 11 is sent to the upper portion of the Ink cartridge 
1 1 . In this way, the head cartridge 2 returns to equilibri- 
um, which Is the state before ink droplets i are dis- 
charged from nozzles 44a. In equilibrijrn, there is al- 
most no ink 4 in the air channel 16. 
[0059] As illustrated In Rg. 6, the printer head 27 is 
disposed along the bottom surface of the cartridge body 
21 . The after-mentioned nozzles 44a of the printer head 
27 are outlets for discharging the ink droplets i by being 
supplied with the ink 4 via the connector 26. The nozzles 
44a for each color lnl< are aligned across the width of 
the sheet of recording paper P In the direction indicated 
by an arrow W in Rg. 6. 

[0060] The head cap 28 is a cover for protecting the 
printer head 27, as illustrated in Rg. 2, and is removed 
when the printer head 27 perfonns printing. The head 
cap 28 Includes grooves 28a fomned In the opening di- 
rection of the head cap 28 and a cleaning roller 28b for 
absorbing excess Ink 4 attached to the dtecharge sur- 
face 27a of the printer head 27. The head cap 28 is slid 
along the grooves 28a In the direction orthogonal to the 
longitudinal direction of the Ink cartridge 11 to cover or 
uncover the ink cartridge 11 . When the head cap 28 
slides alongthe grooves 28a, the cleaning roller 28b ro- 
tates against the discharge surface 27e of the printer 
head 27 to remove excess Ink 4 from the discharge sur- 
face 27a of the printer head 27. The cleaning roller 28b 
Is for example, composed of a material having a high 
water-absorbing rate. When printing Is not perfomied, 
the head cap 28 covers the printer head 27 so that the 
Ink 4 is dried. 

[O061] The head cartridge 2 having the above-de- 
scribed structure further includes, for example, a detec- 
tor for detecting the remaining amount of Ink Inside the 
Ink cartridge 11 and a detector for detecting whether 
the»»? '6 any inlc 4 in the ink cartridge 11 when the con- 
nector 26 Is connected to the ink supply unit 14. 
[O062] As illustrated In Figs. 9, 10, and 11 , for each 
color ink. the above-mentioned printer head 27 includes 
a circuit board 41 making up the base, pairs of heating 
resistors 42a and 42b aligned in the direction substan- 
tially orthogonal to the feeding direction of the sheet of 
recording paper P (i.e., the width direction of the sheet 
of recoreiing paper P). a film 43 for preventing leakage 
of the ink 4, a nozzle sheet 44 having a plurality of noz- 
zles 44a for discharging the Ink 4 as droplets, Ink cham- 
bers 45 that are spaces surrounded by the circuit board 
41 , and ink channels 46 for supplying the ink 4 to the Ink 
chambers 46. 

[0063] The circuit board 41 is a semi conductive sub- 
strate composed of silicon. On one surface 41a of the 
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circuit board 41. the pairs of heating resistors 42a and 
42bare disposed. The pairs of heating resistors 42a and 
42b are connected to XJt\& after-mentioned discharge 
control circuit 63 on the circuit board 41 . The discharge 
control circuit 63 is an electric circuit made up of com- 
ponents such as a logic integrated circuit (IC) and a drlv^- 
er transistor. 

£0064] The heating resistors 42a and 42b are so- 
called pressure-generating elements that generate heat 
from the electrical power supplied from the discharge 
control circuit 63 and increase the inner pressure of the 
Ink chambers 45 by heating the ink 4. The ink 4 heated 
by the heating resistors 42a and 42b is discharged from 
the nozzles 44a on the nozzle sheet 44 as droplets. 
[O0$5] The film 43 is stacked on the surface 41a of 
the circuit board 41 . The film 43 is composed of. for ex- 
ample, a photo-curable dry film resist. Once the film 43 
is stacked on substantially the entire surface 41 a of the 
circuit board 41. unwanted portions of the film 43 are 
removed by a photolfthography process. Depressions 
are formed in the film 43 so that the film 43 surrounds 
the pairs of heating resistors 42a and 42b. The portions 
of the film 43 that sun-ound the pairs of heating resistors 
42a and 42b make up parts of the Ink chambers 45. 
[0O86] The nozzle sheet 44 is a s heet having the noz- 
zles 44a for discharging ink droplets I and Is stacked on 
the film 43 on the side opposite from the circuit board 
41 . The nozzles 44a are minute circular holes formed 
on the nozzle sheet 44. Each of the nozzles 44a Is 
formed In a position opposing the heating resistors 42a 
and 42b. The nozzle sheet 44 makes up parts of the Ink 
chambers 45. 

f0067J The Ink chambers 45 are spaces surrounded 
by the circujit board 41 . the pairs of heating resistors 42a 
and 42b, the film 43, and the nozzle sheet 44. The ink 
4 is supplied from the ink chan nel 46 to the inkchambers 

45. The Ink 4 In the ink chambers 45 is heated by the 
pairs of heating resistors 42a and 42b, and the inner 
pressure of the Ink chambers 45 increases. The Ink 
channels 46 ane connected to the Ink outflow channel 
34c of the connector 26. The ink 4 Is supplied from the 
ink cartridge 11 connected to the connector 26 to the Ink - 
channels 46. Than, the Ink 4 Is supplied to each of the 
ink chambers 45 communicating with the Ink channels 

46. In other wordS; the Ink channels 46 communicate 
with the connector 2S. In this way. the ink 4 supplied 
from the ink cartridge 11 flows Into the Ink channels 46 
and fills the ink chambers 46. 

[0068] The printer head 27 has about 1 00 to 6,000 Ink 
chambers 45 having the pair of heating resistors 42a 
and 42b. The pairs of heating resistors 42a and 42b In 
the. ink chambers 45 are controlled by a controller of the 
printer 1 so that the ink 4 in the ink chambers 46 is dis- 
charged as ink droplets from the nozzles 448 corre- 
sponding to the Ink chambers 45. 
[0069] Wore specifically, the ink chambers 45 are 
filled with the ink 4 supplied from the ink channels 46 
connected to the printer head 27. Then, a pulse current 
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is applied to the heating resistors 42a and 42b for a very 
shorttime, for example, 1 to 3 (isec. In this way. the heat- 
ing resistors 42a and 42b are heated quickly, and, thus, 
the Ink 4 in contact with the heating resistors 42a and 

s 42b is also heated. As a result, a gas bubble Is formed 
In the ink 4 in each of the ink chambers 45. As the gas 
bubble expands, the Ink 4 Is pushed (Le., the Ink 4 boils). 
Consequently, the ink 4 In contact with one of the noz- 
zles 44a in the in k chamber 45 having the same volume 

10 as the gas bubble is pushed out of the nozzle 44a as an 
ink droplet i. The ink droplet i discharged from the nozzle 
44a lands on the sheet of recording paper P. 
[0070] As illustrated in Fig. 11 , the Ink chamber 46 of 
the printer head 27 includes the pair of heating resistors 

1^ 42a and 42b aligned substan^ally In parallel. In other 
words, each Ink chamber 45 includes a pair of heating 
resistors 42a and 42b. A plurality of pairs of heating re- 
sistors 42a and 42b aligned substantially orthogonal to 
the feeding direction of the sheet of recording paper P 
indicated by an arrow C In the Fig. 1 1 are included in the 
printer head 27. wherein each of the pairs of heating re- 
sistors 42a and 42b is substantially in parallel to each 
other in the width direction of the sheet of recording pa- 
per P in the direction indicated by an arrow W in the Fig. 

25 11 . In Fig. 1 1 , each of the positions of the nozzles 44a 
is indicated by a dashed line. 

[0071] Since the heating resistors in each ink cham- 
ber 45 are made up of two heating resistors 42a and 
42b Instead of asingle heating resistor, the width of each 

30 of the heating resistors 42a and 42b becomes half the 
width compared to that of a single heating resistor 
Therefore, the resistance of each of the heating resis- 
tors 42a and 42b becomes about twbe the value com- 
pared to a single heating resistor. When the heating re- 

35 sislors 42a and 42b are connected serially, the resist- 
ance becomes about four times the resistance of a sin- 
gle heating resistor. 

[0072] To boH the Ink 4 Inside the Ink chambers 45, 
the pairs of heating resistors 42a and 42b must be heat- 

40 ed by applying a predetenr^fned electric current. The en- 
orgy generated when the ink 4 boils causes the ink drop- 
lets i to be discharged from the nozzles 44a. If the re- 
sistance of the heating resistors 42a and 42b is small, 
a large electric current must applied to the heating re- 

^ sisters 42a and 42b . According to the present invention, 
however, the heating resistors 42a and 42b have a large 
resistance, and, thus, the ink4can be boiled by applying 
only a small electrfc current. 

[0073] For this reason, the size of the printer head 27 • 
so may be reduced because the size of the transistor for 
applying the electric current can be reduced. The resist- 
ance of the heating resistors 42a and 42b can be In- 
creased even more by reducing the thickness of the 
heating resistors 42a and 42b. However, the heating re- 
S5 sisters 42a and 42b must rr^aintein a predetemiined 
thickness depending on the material and strength of the 
heating resistors 42a and 42b. Therefore, the resistance 
of the heating resistors 42a and 42b is increased by na- 
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ducing the size (nsteacf of the thickness. 
[0074] When the h eating resistors 42a and 42b In one 
of the ink chambers 45 are controlled so that the time 
required to boil the ink 4 (the bubble generation tinne) 
becomes the same for both heating resistors 42a and ^ 
42b, the ink droplet i is discharged perpendicularly 
downwands from the nozzle 44a. When there is a differ- 
ence in the bubble generation time of the heating resis- 
tors 42a and 42b» gas bubbles are not fomned substan- 
tially slmuitaneousfy. For this reason, the ink droplet I is 
discharged at an angle wherein the trajectory of the ink 
droplet i is displaced toward either the heating resfslor 
42a or 42b. 

[007S] The mechanism for discharging the ink droplet 
i is assumed to be as described below. As Illustrated in is 
Fig. 12, the ink 4 Is supplied from the ink channel 46 to 
the ink chamber 45 to fill the ink chamber 45. Then, 
pulse currerfB are applied substantially sfmuftaneously 
to both the heating resistors 42a and 42b to qurckly heat 
the heating resistors 42a and 42b. As a result, gas bub- 20 
.bies B1 and B2 are generated In the Ink 4 that Is in con- 
tact with the heating resistors 42a and 42b, The gas bub- 
bles B1 and 82 expand and push a predetermined 
amount of ink4 (i.e., the Ink 4 boils). As illustrated in Fig. 
13. an Ink droplet i having the same volume as a sunn 25 
of the gas but>ble8 B1 and B2 Is pushed out of the noz2le 
44a and is discharged substantially perpendicularly 
downwards onto the sheet of recording paper P. As il- 
lustrated In Fig. 1 4, when pulse currents having different 
values are applied or when pulses currents are applied 
at different timings to each of the heating resistors 42a 
and 42b, gas bubbles 83 and 84 having different sizes 
are generated on the heating resistors 42a and 42b, re- 
spectively. The gas bubbles 83 and 84 expand.andpus h 
a predetermined amount of the ink 4. As illustrated in ss 
Fig. 15, an ink droplet i having the same volume as a 
sum of the gas bubbles B3 and B4 is pushed out of the 
nozzle 44a. The trajectory of the discharged ink droplet 
i Is displaced towards the gas bubbles B3 or B4, whk;h- 
ever has a smaller volume, in the direction indicated by 40 
an arrow W in Fig. 15 (i.e,, the width direction of the 
sheet of recording paper P). The discharged ink droplet 
I lands on the sheet of recording paper P. 
[0076] Next, the printer body 3 making up the printer 
1 including the head cartridge 2 having the above-de- ^ 
scribed structure will be described by referring to the 
drawings. 

[0077] As illustrated In Figs. 1 and 16, the printer body 
3 includes a head cartridge attachmt?nt reo . 7I where 
the head cartridge 2 is disposed, a h::ad t: le hc^- • 
ing mechanism 52 for hotctmg ano )!.«ing : -.^ad c ^ 
tridge 2 at the head cartridge ank:.'!rnen: <n 5i. 
head cap opening nnechanism 53 for openu ^snd clos* 
Ing the head cap, the paper feeding mechanism 54 for 
feeding and ejecting the recording paper P, the paper 55 
feeding slot 65 for supplying the recording paper P to 
the paper feeding mechanism 54, a paper ejecting slot 
56 for outputting the sheet of recording paper P from the 
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paper feeding mechanism 54. a color tone detector 57 ^ 
for detecting the condition, I.e., the color tone (density 
and bffghtness of color), of the ink droplets i that have 
been discharged from the printer head 27 and have 
lanood on the main surface of the recording paper P, 
and a paper position detector 56 for measuring the dis- 
tance from the discharge surface 27a of the printer head 
27 to the main surface of the recording paper R 
[0078] The head cartrMge attachment region 51 Is a 
depression In which the head cartridge 2 is disposed. 
To print text and images In accordance with the printing 
data on a delivered sheet of recording paper P, the head 
cartridge 2 is disposed In the head cartridge attachment 
region 51 so that the discharge surface 27a of the printer 
head 27 and the surface of the sheet of recording paper 
P are substantially parallel to each other. The head car- 
tridge 2 has to be replaced on occasion, such as when 
ink clogging occurs. The head cartridge 2 is a disposa- 
ble component although it does not have to be replaced 
as often as the ink cartridge 11 . Thus, the ink cartridge 
11 is held by the head cartridge holding mechanism 52 
and Is removable from the head cartridge attachment 
region 51. 

[0079] The head cartridge holding mechanism 52 Is a 
mechanism for holding the head cartridge 2 so that it Is 
removable from the head cartridge attachment region 
51 . The head cartridge holding mechanism 52 holds and 
fixes the head cartridge 2 at a predetermined position 
by pressing th e head cartridge 2 against a reference sur- 
face 3a on the printer body 3 while a knob 52a on the 
head cartridge 2 is latched to an urging member such 
as a spring (not depicted fn the drawings) disposed in- 
side a latching hole 52a. 

{0Q8O] The head cap opening mechanism 53 includes 
a driver for opening and closing the head c^ 26 of the 
head cartridge 2. When printing is performed, the head 
cap 2a is opened so that the printer head 27 is exposed 
to the sheet of recording paper P and, when the printing 
Is finished, the head cap 28 Is closed to protect the print- 
er head 27. 

[0081] The paper feeding mechanism 54 includes a 
driver for delivering the recording paper P. The sheet of 
recording paper P is supplied from the paper feeding 
slot 55 and Is delivered to the printer head 27 of the head 
cartridge 2, where the ink dnoplets i land on the sheet of 
recording paper P. Then, the printed sheet of recording 
•paper P is del ivered to the paper ejecting slot 56 to eject 
the sheet outside the printer 1. The paper feeding slot 
55 is ar :.osj«)ng for supplying the -eoordlng paper P to 
the parK^( ! *rf':>»j|ng mechanism 54. T he tray 55a is capa- 
ble of hc':c(;nci a stack of recording paper P. The paper 
ejecting sict 66 is where the printed sheet of recording 
paper P on which the ink droplets i have landed is eject- 
ed. 

[0082] The color tone detector 57 is, for example, a 
reflective densitometer, a luminance sensor, or a scan- 
ner, for measuring the color tone (i.e., density and bright- 
ness of color) of the ink droplets i that have landed on 
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the main su rface of the recording paper P. Tha color tone 
detector 67 detects the color tone of the printed sheet 
of recording paper P and sends a color tone signal such 
as an elactric voltage, which represents digrtalized data 
of parameteiTB , euch as the average density and the den- 5 
sity distribution, to a control circuit 61 and a controller 
68. When noise is generated in the color tone signal, the 
signal Is sent to the controller 68 after the waveform of 
the signal is shaped and the noise is removed. 
[0083] The paperposltlon detector 58 is, for exannple, fo 
a laser distance sensor or an ultrasonic distance sensor 
capable of measuring the distance from the discharge 
surface 27a of the printer head 27 to the main surface 
of the recording paper P or, in other words, from one of 
the nozzles 44a of the printer head 27 to a point on the '5 
main surface of a sheet of the recording paper P sub- 
stantially perpendicularly downwards from the noz^ie 
44a. The data on the distance from the printer head 27 
to the recording paper P Is digitallzed and sent to the 
controller68ofthecontrolctrcujt61 as a distance signal, 
Since. In this way, the distance from one of the nozzles 
44a of the printer head 27 to a point on the main surface 
of the sheet of recording paper P substantially perpen- 
dicularly downwards from the nozzle 44a is measured 
by the paper position detector 58, printing can be per- 2^ 
formed with the distance from the nozzle 44ato the main 
surface of the recording paper P being known even 
when the thickness of the sheet of recording paper P 
differs. The paper position detector 58 may be embed- 
ded in the discharge surface 27a of the printer head 27 30 
so that the discharge surface 27a and the sensor of the 
paper position detector 56 are substantially flush with 
each other 

[0084] The control crrcuit 61 Illustrated In Fig. 1 7 for 
controlling the printing operation of the printer 1 having ss 
the above-described structure will now be described by 
referring to the drawings. 

[0085] The control circuit 61 Includes a printer driver 
62 for driving the head cap opening mechanism 53 and 
Iho paper feeding mechanism 64 of the printer body 3, 40 
a discharge controller 63 for controlfing the electric cur- 
rent supplied to the printer head 27 for the four ink 
colors, an alerting unit 64 for alortlng a user about the 
amount of each color of ink 4 remaining, an input-output 
temiinal 65 for inputting and outputting a signal to and -^s 
from an external apparatus, a read only memory (ROM) 
66 for storing the control program, a random access 
memory (RAM) 67 for temporarily storing a color tone 
signal input from the color tone detector 57 and for out- 
putting a control signal when required, and the controller ^ 
68 for controlling each component, 
[0086] The printer driver 62 controls the head cap 
opening mechanism S3 so that the head cap 28 is 
opened and closed by driving the driving motor of the 
head cap opening mechanism 53 in accordance with a 
control signal sent fn^m the controller 68. The printer 
driver 62 feeds a sheet of the recording paper P from 
the paper reeding slot 55 of the printer body 3 by driving 
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the driving motor of the paper feeding mechanism 54. 
Then, the printer driver 62 controls the paper feeding 
mechanism 54 so that the sheet of recording paper P Is 
ejected/rom the paper ejecting slot 56 after printing Is 
perfonned. 

[0087] As illustrated in Rg. 18, the discharge control- 
ler 63 is an electric circuit including electric sources 71 a 
and 71 b for suppfyihg pulse currents to the pair of heat- 
ing resistors 42a and 42b, switching elements 72a, 72b, 
and 72c for turning on end off the electrtoal connection 
between the pair of heating resistors 42a and 42b and 
the electric sources 71a and 71 b, a variable resistor 73 
for controlling the pulse current applied to the pair of 
heating resistors 42a and 42b, switching control circuits 
74a and 74b forcontrolling the switching of the switching 
elements 72b, and 72c, and a resistance control circuit 
75 for controlling the resistance of the variable resistor 
73. 

[0068] The electric source 71a Is connected to the 
heating resistor 42b and the electric source 71b Is con- 
nected to the variable resistor 73 via the switching ele- 
ment 72c, wherein the electric sources 71a and 71 b sup- 
ply pulse currents to the electric circuit. The pulse cur- 
rent supplied to the electric circuit may be supplied from 
the electric sources 71 a and 71 b but may also be sup- 
plied cflrectty fiom. for example, the controller 68. 
[0089] The switching element 72a is interposed be- 
tween the heating resistor 42a and controls the on and 
off switching of the entire discharge controller 63. The 
switching element 72b is interposed between the pair of 
heating resistors 42a and 42b and the variable resistor 
73 and controls the pulse cun^ents supplied to the pair 
of heating resistors 42a and 42b. The switching element 
72c le Interposed between the variable resistor 73 and 
the electric source 71b and controls the discharge di- 
rection of the ink droplets i. The switching elements 72a, 
72b, and 72c switch on and off to control the pulse cur- 
rents supplied to the electric circuit. 
[0090] The variable resistor 73 chan ges the p uise cur- 
rent supplied to the heating resistor 42a by changing the 
resistance, (n other words, the electric power supplied 
to the heating resistor 42a is determined according to 
the resistance of the variable resistor 73. 
[0091 ] The switching control drcuit 74a switches the 
switching element 72b on or off to connect or disconnect 
the variable resistor 73 and the pair of heating resistors 
42d and 42b. The switching control circuit 74b switches 
the switching element 72c on or off to connect or dis- 
connect tha electric source 71b and the electric circuit. 
[0092] The resistance control circuit 75 controls the 
resistarice of the variable resistor 73 and adjusts the 
pulse current supplied to the heating resistor 42a. 
[0093] In the discharge control circuit 63 having the 
above-described structure, a puise current is supplied 
from the electric source 71 a to a serially connected pair 
of heating nesistons 42a and 42b (an electrical current is 
not supplied to the variable resistor 73) when the switch- 
ing element 72b is turned off to disconnect the variable 
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resistor 73 and the pair of heating raaistors 42a and 42b 
and when the awltchin-.: esement 72a is turned on. At this 
time, if the resistances ot the heating resistors 42a and 
42b are substantially the same values, the amounts of 
heat generated by the heating resistors 42a and 42b 
when putse cun^ents are supplied are substaniiaily the 
same. 

[0094] Since in s uch a case the amounts of heat gen - 
crated by the heating resistors 42a and 42b are su\> 
stantlally the sanne, the length of the bubble generation 
lime for the healing resistors 42a and 42b is substan- 
tially the same. As a result, as illustrated in Rg. 1 9A, the 
discharge angia of the Ink 4 becomes substantially per- 
pendicular to the main surface of the sheet of recording 
paper P and an ink droplet i is discharged directly down- 
wards from the nozzle 44a. 

[0095] As illustrated in F^. 18, in the discharge con- 
trol circuit 63, when the switching element 72b switches 
on the connection between the pair of heating resistors 
42a and 42b and the variabie resistor 73, the switching 
element 72a is turned on. the switching element 72c ia 
connected to a ground, and the discharge trajectory of 
an inic droplet i is drspiaced towards the heating resistor 
42a In the width direction of tfie recording paper P indi- 
cated by an arrowWin Rg. 19B. In otherwords, by con- 
necting the switching element 72c to the ground, the val- 
ue of the pulse current supplied to the heating resistor 
42a becomes smaller In accordance with the variable 
resistor 73. Accordingly, a difference is generated be- 
tween the values of the pulse currents supplied to the 
heating resistors 42a and 42b. Thus, a difference also 
occurs In the amounts of heat generated rn the heating 
resistors 42a and 42b. 

[0Q96] A large resistance of the variable resistor 73 
reduces the eieciric current that flows into the ground 
from the electnc source 71a via ^e switching element 
72c, so that the pulse cun^nt supplied from the electric 
source 71a to the heating resistor 42a is not reduced 
significantly.. Consequently, the difference in the pulse 
cunents supplied to the heating resistors 42a and 42b 
is reduced, and tho difference In the amounts of heat 
generated by the heating resistors 42a and 42b is also 
reduced. As a result, the discharge angle of the ink drop- 
let i discharged from the nozzle 44a increases relative 
to the discharge surf^ace 27a. In otherwords. as the re- 
sistance of the variable resistor 73 increases, the ink 
droplet I lands to a position closer to the landing point D 
(which is the point where an Ink droplet lands when dis- 
charged substantially perpendicularly to the nozzle 44a) 
relative to the heating resistor 42a. On the other hand, 
a small resistance of the variable resistor 73 increases 
the electric gurrent that flows Into the ground from the 
electric source 71a via the switching element 72c. so 
that the pulse current supplied from the electric source 
71a to the healing resistor 42a is not reduced greatly. 
Consequently, the difference in the pulse currents sup- 
plied to the heating resistors 42a and 42b is reduced, 
and the difference in the amounts of heat generated by 
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the heating resistors 42a and 42b is also reduced. As a 
re8Ult,the discharge angle of the inkdropleti discharged 
from the nozzle 44a decreases relative to the discharge 
surface 27a. in other words, as the resistance of the var- 
5 iable resistor 73 decreases, the ink droplet I lands to a 
position further away from the landing point D relative 
to the heating resistor 42a. 

[0097] As illustrated in Fig. 18, in the discharge con- 
trol ci result 63, when the switching element 72b switches 

10 on to connect the pair of heating resistors 42a and 42b 
and the variable resistor 73. the switching clement 72a 
Is turned on, and the switching element 72c is connected 
to the electric source 71 b, the discharge trajectory of an 
inkdroplet lis displaced towards the heating resistor 42a 
In the width direction of the recording paper P indicated 
by an arrow W In Fig. 19C, In otherwords, by connecting 
the switching element 72c to the electric source 71 b. the 
value of the pulse current suppi lied to the heating resistor 
42a becomes larger in accordance with the variable re- 

20 sistor 73. Accordingly, a difference is generated be- 
tween the values of the pulse cun^ents supplied to the 
heating resistors 42a and 42b. Thus, a difference also 
occurs In the amounts of heat generated In the heating 
resistors 42a and 42b. In otherwords. the heat gener- 

25 ating condition of the heating resistors 42a and 42b is 
oppostte that when the switching elenient 72c is con- 
nected to the ground. 

[0098] A large resistance of the variable resistor 73 
reduces the sum of the pulse current supplied from the 

00 electric sources 71 a and 71 b to the heating resistor 42a. 
so that the difference In the pulse currents supplied to 
the heating resistors 42a and 42b is reduced, and the 
difference In the amounts of heat generated by the heat- 
ing resistors 42a and 42b is also reduced. As a result, 

35 the discharge angle of the ink droplet i discharged from 
the nozzle 44a increases relative to the discharge sur- 
face 27a. In other words, as the resistance of the varia- 
ble resistor 73 increase, the doser the Ink droplet I lands 
to B position ctoser to the landing point D relative to the 

40 heating resistor 42a. On the other hand, a small resist- 
ance of the variable resistor 73 increases the sum of the 
pulse current supplied from the electric sources 7la and 
71 b to the heating resistor 42a, so that the difference In 
the pulse currents supplied to the hea«ng resistors 42a 

45 and 42b Is increased, and the difference In the amounts 
of heat generated by the heating resistors 42a and 42b 
is also increased. As a result, the discharge angle of the 
ink droplet i discharged from the nozzle 44a Is reduced 
relative to the discharge surface 27a. In other words, as 

so the resistance of the variable resistor 73 decreases , the 
Ink droplet i lands to a position further away from the 
landing point D relative to the heating resistor 42a. 
[0099] As described above, in the discharge control 
circuit 63. the switching elements 72a, 72b, and 72c are 

55 switched to change the resistance of the variable resis- 
tor 73. As a result, the discharge direction of the Ink 
droplet I discharged from the nozzle 44a can be 
changed In the direction the heating resistors 42a and 
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42b are aligned or, in other words, the width direction of 
the recording paper P. 

[0100] When a test pattern is printed on the main sur- 
face of the sheet of recording paper Pto detect the color 
tone of the Ink droplets i by the color tone detector 57 5 
as a preliminary step for printing, in the discharge con- 
troller 63, the switching element 72b is periodically 
switched on and off by the switching control circuit 74a» 
the switching element 72c Is periodically switched on 
and off by the switching control circuit 74b, the resist- io 
ance of the variable resistor 73 is periodically changed 
by the resistance control circuit 76, and the discharge 
direction of the ink droplets i discharged from the nozzle 
44a Is periodically changed In the width direction of the 
recording paper P. In this way, the printer h ead 27 is con- is 
trolled to prepare a test pattern having a color tone pe- 
riodically changing on the surface of the recording paper 
P. In particular, the ink droplets i discharged white their 
discharge direction is changed in the width direction of 
the recording paper P, rand on the left and right of the 20 
landing point D, which is the point where the ink droplets 
i land when they are discharged substantially perpen- 
dicularly downwards, within a range of about 40 \im, 
[0101] The alerting unit 64, iliustrated In Rg. 1 7. is a 
display unit such as a liquid crystal display (LCD), for 
displaying information such as the printing conditions, 
the printing state, and the remaining amount of ink. The 
alerting unit 64 may instead bean audfo output unit such 
as a speaker lo prove ar> audk) output of information 
such as the printing conditions, the printing state, and SO 
the remaining amount of ink. The alerting unit 64 may 
also include both the display unit and the audio output 
unit. The alert may be provided by a monitor or a speak- 
er of an Infomiailon processor 69. 

[O102] The input-output terminal 65 sends theinfor- 35 
mationsuch as the printing conditions, the printing state, 
and the remaining amount of ink to the external infor- 
mation processor 69 via an interface. The input^output 
terminal 65 receives a control signal representing the 
Information such, as the printing oondltlona, the printing 
state, and the remaining amount of ink, printing data 
from the external Infomiatlon processor 69 and other 
units. The Information processors© may be an electron- 
ic apparatus such as a personal computer, or a personal 
digital assistant (PDA). For example, when detecting a ^5 
test pattern for detecting color tone printed on the sheet 
of recording paper P by an external color tone detector 
such as a scanner, the external color tone detector is 
connected to the Input-output terminal 65. Parameters 
such as the average density and density distribution ob- so 
talned by the color tone detector by reading the test pat- 
tern are sent to the controller 68 via the input-output ter- 
minal 65 as digitalized color tone signals. 
[0103] The intari'ace for the input-output tenninal 65 
connected to the information processor 69 may be a ser S5 
rial interface or a parallel interface. In particular, the In- 
terface shouW be in accordance with a universal serial 
bus (USB), a recommended standard (RC) 232C, or In- 



stitute of Electrical and Electronte Engineers (IEEE) 
1 394. The input-output tenninaf 65 may perform wire or 
wireless communlcatton with the infomnatton processor 
69. The wireless communication standard may be 
IEEE802.11a. 802.11b, or802.11g. 
[0104J The input-output terminal 66 and the Informa- 
tion processor 69 may be connected via a networi^, such 
as the Internet. In such a case, the Input-output terminal 
65 Is connected to a network, such as a local area net- 
work (IAN), a Digital Subscn'ber Line (xDSL): a Fiber- 
To-The-Home (FTHP), a community antenna television 
(CATV), or a broadcasting satellite (BS). The data com- 
munication Is based on various protocols such as Trans- 
mission Control Protocol^lntemet Protocol (TCP/IP). 
[0105] The ROM 66 is a memory such as an erasable 
programmable read-only memory (EP-ROM) and stores 
processing programs mn by the controller 68. The pro- 
grams stored in the ROM 66 are loaded into the RAM 
67 by the controller 68. 

[0106] The RAM 67 stores programs read outfromthe 
ROM 66 by the controller 68 and data on the various 
conditions of the printer 1 . The RAM 67 temporarily 
stores color tone signals sent from the color tone detec- 
tor 57 to the comroller 68 and sends the signals to the 
controller 68 when required. 

[0107] The controller 68 controls each component 
based on the printing data sent from the input-output 
temninal 66, the color tone signals sent from the color 
tone detector 57, the distance signals sent from the pa- 
per position detector 58, and the data on the remaining 
amount of ink 4 sent from the head cartridge 2. The con- 
troller 68 reads out a processing program to control the 
components based on the Input controlling signals from 
the ROM 66 and stores the program In the RAM 67 to 
control and process Che components. 
[0108] When the controller 68, for example: controls 
the discharge direction of the Ink droplets I discharged 
onto the recording paper P, the color tone signal ob- 
tained by the color tone detector 57 by detecting the 
color tone of the test pattern printed onto the sheet of 
reoording paper P and the distance signal representing 
data on the distance from the printer head 27 to the 
sheet of recording paper P when the test pattern was 
printed and detected by the paper position detector SB 
are stored in the RAM 67. The controller 68 commands 
the HAM 67 to store the data on the pulse cun-ent sup- 
plied to the pair of heating resistors 42a and 42b for each 
line of ink droplets i on the sheet of recording paper P 
discharged from the plurality of nozzles 44a aligned in 
the width direction of the recording paper P. The con- 
troller 68 controls the switching on and off of the switch- 
ing elements 72b, and 72c and the discharge.controller 
63 to adjust the resistance of the variable resistor 73 
based on the color tone signals, distance signals, and 
pulse ciirent data for each lines stored in the RAM 67. 
in this way, the controller 68 controls the switching ele- 
ments 72a. 72b, and 72c and the discharge controller 
63 to control the discharge angle of the ink droplets i 
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discharged from the nozzles 44a of the printer head 27 
so that the ink droplets i land on the surface of the re- 
cording paper P tn a predetennlned color tone. 
[0109] In the control circuit 61 having the above-de- 
scrtoed structure, the ROM 66 stores the processing 
progrann. The medium for storing the processing pro- 
gram, however, is not limitsd to (he ROM 66 and various 
recording media such an optical d)sk. a magnetic 
disk, a magnetic optical disk, and an iC card may be 
used, tn such a case, the control circuit 61 is connected 
to the driver of the recording medium directly or via the 
infomiation processor691o read out the processing pro- 
gram from the recording medium. 
[0110] The operation of the printer 1 having the. 
above-described structure to adjust the discharge direc- 
tion to obtain a predetermined color tone before the ac- 
tual printing operation will now be dascribed by refen-ing 
to the flow charts illustrated in Figs. 20 and 21 . This op- 
eration is performed by a central processing unit (CPU) 
(not depicted in the drawings) disposed inside the con- 
troller6B based on the process mg prograna stored in the 
storing unit, such as the RC 36. The discharge direc- 
tion adjustment from obtaining the daricest colortone will 
now be described. 

[01 11] First, for the printer 1 to peifomi the operation 
to adjust the discharge direction of the ink droplets 1 to 
obtain the color tone required by a user, an operational 
signal is input via an operation panel on the printer body 
3. 

[01 12] Next, in Step SI , the controller 66 determines 
whether the Ink cartridge 1 1 of a predetermined color Is 
disposed In the loading Sdction 22. If the ink cartridge 
11 of a predetermined color is disposed in every loading 
section 22, the process proceeds to Step S2, If the ink 
cartridge 11 of a predetermined color is not disposed 
correctly in the loading sections 22, the process pro- 
ceeds to Step S4 and the adjustment operation is for- 
bidden. 

[01 1 3] In Step S2, the controUer 68 determines wheth- 
er the amount of ink 4 In the connector 26 is less than 
a predetermined amount or, in other words, whether the 
Ink 4 has runout. If the controller 68 determines that the 
ink has run out, the alerting unit 64 provides an alert. 
Then, in Step S4, the adjustment is forbidden. On the 
other hand, if the controller 68 determines that the 
amount of Ink 4 in the connector 26 Is more than a pre- 
determined amount or. In other words, that the connec- 
tor 26 is filled with ink 4. adjustment is performed in Step 
S3. 

[0114] When adjustment is perfomried, first, in Step 
S 11, the controller 68 commands the printer driver 62 to 
drive the head cap opening mechanism 53 and the pa- 
per feeding mechanism 54 so as to move the sheet of 
recording paper P to a position where printing can be 
performed. In particular, the controller 68 commands the 
printer driver 62 to drive the driving motor included in 
the head cap opening mechanism 53 so as to move the 
head cartridge 2 towards the tray 55a relative to the 



head cartridge 2 so that the no2Zles 44d of the printer 
head 27 are exposed, as illustrated in Fig. 22. 
[0115] The controller 68 commands the printer driver 
62 to drive the driving motor Included in the paper feed- 

5 ing mechanism 54 to feed the recording paper P. In par- 
ticular, to determine the landing positions of the ink 4, 
the controller 68 controls the paper feeding mechanism 
54 as described below: a sheet of recording paper P is 
pulled out from the tray 55a by a feeding roller 81 ; the 

10 sheet of recording paper P is sent to the reverse roller 
65 by a pair of separating rollers 82a and B2b rotating 
in opposite directions; the delivery direction of the sheet 
of recording paper P is reversed by the separating roll- 
ers 82a and 82b and sent to a delivery belt 84; and, then. 

IS tho sheet of recording paper P Is held at a predeter- 
mined positior. with a holding unit 85. 
[01 1 6] OnrAi the position of the sheet of recording pa- 
per P Is detamnined. the controller 68 commands the 
switching control circuits 74a and 74b and the resist- 

20 ance control circuit 75 of the discharge controller 63 to 
control the switching elements 72b, and 72c and the var- 
iable resistor 73 in accondance with the processing pro- 
gram stored in advance In the ROM 66 In Step S12 
this way, the InJc droplets i are disposed on the sheet of 

^ reoording paper P as the discharge direction of the ink 
droplets 1 is changed periodically Riong the width direc- 
tion of the recording paper P, or, n other words, a test 
pattern having periodically-changed cotor tones is print- 
ed. 

30 [01 1 7] When printing a test pattern, first the Ink drop- 
lets I are discharged onto the main surface of the sheet 
of recording paper P substantially perpendlcufarty 
downwards from the nozzles 44a of the printer head 27, 
as Illustrated in Fig. 1 9A. In this way, on the main surface 

3s of the sheet of recording paper P, ink droplets 1 are dis- 
charged onto the landing positions D opposing the noz- 
zles 44a so as to print a test pattern having the lightest 
color tone (density) or, in other words, to print a test pat- 
tern having the least area occupied by the ink droplets 

^ i, as illustrated In Fig. 23A. 

[0118] Next, the controller 68 switches the switching 
element 72c on and off white the resistance of the vari- 
able resistor 73 rs increased by the discharge controller 
63 to discharge the ink droplets i towards the left and 

^ right of the nozsrles 44a in the width direction of the re- 
cording paper P. as illustrated in Figs. 19B and 19c. 
Since the ink droplets i are discharged towards the left 
and right of the nozzles 44a, the ink droplets i land on 
the main surface of the sheet of recording phoer P at 

so landing position D distributed on the left end r . nt of the 
position opposing the nozzles 44a, as illustrated in Fig. 
23B. Therefore, the area ofthe main surface of the sheet 
of recording paper P not occupied by ink droplets i is 
smaller than that when the Ink droplets i are discharged 

55 substantially perpendteufariy downwards from the noz- 
zles 44a. Thus, a test pattern having a darker color tone 
Is printed. 

[0119] Next, the controller 68 decreases the resist- 
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ance of the variable resistor 73 by the discharge con- 
troller63 and switches the switching element 72c on and 
off. In this way, as illustrated in Figs. 19B and 19C, the 
Ink droplets i are discharged towards the left and right 
of the nozzles 44a at an angle so that the ink droplets I 
do not overlap with each. As a result, the ink droplets I 
land at the landing points D on the main surface of the 
sheet of recording paper P without overlapping with 
each other, as illustrated In Fig. 2dC. Thus . a test pattern 
having the most area occupied by ink droplets I or, in 
other words, a test pattern having the darkest color tone 
is printed. 

[0120] Next, the controller 68 reduces the resistance 
of the variable resistor 73 by the discharge controlle r 63 
so that the resistance is smallerthan that when the color 
tone Is the darkest and switches the switching element 
72c on and off. In this way, as illustrated in Figs. 19B 
and 19C, the ink droplets i are discharged towards the 
left and right of the nozzles 44a at an angle so that the 
Ink droplets i partially overlap with each other. As a re- 
sult, the ink droplets I land at the landing points O on the 
main surface of the sheet of recording paper P so that 
they partially overlap with each other, as Illustrated in 
Fig. 23D. Thus, a test pattern having a smaller area 
(compared to the area occupied by the test pattern hav- 
ing the lightest color tone) occupied by the ink droplets 
I or, In other words, a test pattern having a lighter color 
tone (compared to the darkest color tone) is printed. 
[0121] Next, the controller 68 commands the dis- 
charge controller 63 to reduce the resistance of the var- 
iable resistor 73 so that the resistance is smaller than 
that when the color tone Is the darkest and switches the 
switching element 72c on and off. In this way, as Illus- 
trated In Figs. 19B and 19C, the ink droplets I are dis- 
charged towards the left and right of the nozzles 44a at 
an angle so that the ink droplets i land in a position op- 
posing the nozzles 44a on the left and right of the noz- 
zles 44a that have discharged the ink droplets i. As a 
result, the Ink droplets i land at the landing points D on 
the main surface of the sheet of recording paper P so 
that they oppose the nozzles 44a on the left and right of 
the nozzles 44a that have discharged the ink droplets i, 
as illustrated in Rg. 23E. Thus, a test pattern having the 
least area occupied by the Ink droplets i or, in other 
words, a test pattern having the lightest color tone is 
printed again. 

[0122] In this way, on the main surface of the sheet of 
recording paper P a test pattern Is provided Including a 
region of the lightest color tone, a region of a dark color 
tone, a region of the darkest color tone, a region of the 
dark color tone, and the region with the lightest color 
tone, in this order, as Illustrated In Fig. 23. At this time, 
the controller 68 stores the values of the pulse currents 
supplied to the pair of heating resistors 42a and 42b for 
each line formed when the Ink droplets I land on the re- 
cording paper P In the RAM 67. In other words, tha con- 
troller 68 stores the values of the pulse cunrents supplied 
to the pair of heating resistors 42a and 42b while each 



color tone is printed as an electrical value signal. Here, 
a line is formed in the width direction of the recording 
paper P by the two ink droplets i discharged to the left 
and right of each of the nozzles 44a aligned In the width 
5 direction of the recording paper P. In Fig. 23. the lines 
formed by the Ink droplets I are Indicated by the dashed 
line. 

[0123] At the same time, the controller 68 commands 
the paper position detector 58 to measure the distance 

10 from the discharge surface 27a of the printer head 27 to 
the mam surface of the sheet of recording paper P of 
when the test pattern was printed. Then, the controller 
68 stores the distance signal representing the digltallzed 
values of the measurement results in the RAM 67. 

^5 [0124] In the above, a test pattern including different 
color tones printed in a periodical order from a tight color 
tone to a dark color tone was described. The test pat- 
tern, however, may include different color tones printed 
in a periodical order from a dark cdortone to a light color 

20 tone or including different color tones In a random order. 
[0125] In Step S1 3, the color tone detector 57 of the 
printer 1 delects the color tone of the test pattern printed 
on the recording paper P and outputs a color tone signal 
representing dlgitalized parameters such as the density 

is average of each fine and the density distiibufron to the 
controller 68. 

[0126] In Step S14,thecolortone signal sent from the 
color tone detector 57 is stored in the RAM 67. Then, 
t>ased on the color tone signal , the electric current value 
30 signal, the distance signal and the processing program 
stored In ROM 66 in advance, the discharge controller 
63 Is controlled so that a pulse current having substan- 
tially the same value as when the test pattern having the 
darkest color tone was printed Is supplied to the heating 
33 resistors 42a and 42b. In this way, the discharge direc- 
tion of the ink droplets i is adjusted. As a result, when 
the printer 1 performs printing, the Ink droplets i can be 
discharged in a direction that produces the dari<est color 
tone. Hence, high quality printing without unevennesa 
40 in the color becomes possible. 

[0127] In the above, the Ink droplets i were discharged 
at an angle that will produce the darkest color tone. The 
discharged angle, however, Is not limited to this. For ex- 
ample, by storing a processing program for the control- 
's (er 68 to select a predetermined color tone in the ROM 
66. the discharge angle of the ink droplets I may be ad- 
justed 80 that a predetermined color tone can be ob- 
tained. The controller 68 may mark the different color 
tone in the test partem with, for example, numbers. In 
50 this way. a user can Input the mark '(number) of the re- 
quested color tone through the operation panel of the 
printer body 3, and the discharge angle of the ink drop- 
lets i will be adjusted accordingly. 
[0128] After adjusting the discharge angle of the ink 
55 droplets i as described above, the printer 1 prints the 
text data and printing data sent from the Infomiation 
processor 69 via the Input-output tenmlnal 65 on the 
main surface ol the recording paper P. 
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[01 29] In the above, the color tone of the test pattern 
was detected by the color tone detector 57 after the en- 
tire test pattern was printed. The operetion of the oofor 
tone detector 57, however, is not limited to this, and the 
color lone of the test pattern may be detected while print- 
ing the test pauern. In the above, the color tone was 
detected by a color tone detector disposed inside the 
printer 1 . The color tone detector, however, is not llmfted 
to this: the color tone of the test pattern may be detected 
by an external color tone detector, and the color tone 
signal according to the color tone detectod by the exter- 
nal color tono detector may be sent to tho controller 68 
of the printer 1 via the input-output torminal 65. Further- 
more, in the above, a distance signal was added to the 
color tone signal as a parameter for adjusting the dis- 
charge direction of the ink droplets i. When the distance 
from the nozzles 44a to the surface of the sheet of re- 
cording paper P is constant (such as in a case wherein 
printing is perfomied continuously on a sheet of record- 
ing paper P having substantia fly the same thickness), 
the discharge direction of the Ink droplets i may be ad- 
justed based on the color tone signal and the electric 
current vaiue signal. 

{01 30] For the printer 1 capable of adjusting the dis- 
charge direction of ink droplets i, as described above, 
the electric cun^ents supplied to the pair of heating re- 
sistors 42a and 42b may be controlled based on the 
color tone signal obtained by the color tone detector 57 
detecting a test pattern printed on the main surface of 
the recording paper P, which has a different ooior tone, 
before starting printing. In this way, in the printer 1 , thB 
Ink droplets i may be discharged from the nozzles 44a 
at a discharge direction that fomns a predetermined 
color tone when the ink droplets i land on the sheet of 
recording paper P. Thus, images may be printed in high 
quality without any unevenness. 
[0131] SirKe the printer 1 can adjust the discharge di- 
rection of the Ink droplets i at once, a user does not have 
to visually obsen/e the color tone of the printed image 
and adjust the discharge direction by adjustin g the pu lee 
cu rrents supplied to the pair of heating resistors 42a and 
42b to obtain an optimal colortone, as in known printers. 
Thus, the discharge direction of the ink droplets i may 
be easily adjusted to print high quality images. 
[0132] When adjusting the discharge direction of the 
Ink droplets i for the printer 1 , the distance signal ob- 
tained by the paper position detector 58 Is added as a 
parameter for adiusting the discharge direction; There- 
fore, Images may printed in a predetennined color 
tone on sheets of * wording paper P having different 
thicknesses. 

[0133] More specriically, when printing on a sheet of 
recording paper P thicker than the sheet of recording 
paper P on which a test pattern was printed, the distance 
from the nozzles 44a to thicker sheet of recording paper 
P Is measured by the paper position detector5B. Since 
the dtetance from the nozzles 44a to the recording paper 
P is closer, the discharge angle of the ink droplets i is 



adjusted so that the discharge angle becomes larger rel- 
ative to the center of the nozzles 44a based on the con- 
trol signal on the difference of the ol3tained distance sig- 
nal and the distance signal for the test pattern stored in 

5 the RAM 67 and the color tone signal stoned In the RAM 
67. In this way, an image having a predetermined color 
tone may be printed on the thicker sheet of recording 
paper P. On the other hand, when printing on a sheet of 
recording paper P thinner than the sheet of recording 

10 paper P on which a test pattern was printed . the distance 
from the nozzles 44a to the thinner sheet of recording 
paper P Is measured by the paper position detector 56. 
Since the distance from the nozzles 44d to the recording 
paper P Is further, the discharge angle of the Ink droplets 

15 \ is adjusted so that the discharge angle l^ecomes small- 
er relative to the center of the nozzles 44a based on the 
control signal on the difference of distance and the color 
tone signal, in this way. an Image having a predeter- 
mined color tone may be printed on the thinner sheet of 
recording paper P. To adjust the discharge direction of 
the ink droplets i when printing on sheets of recording 
paper P having different thicknesses, the adjustment 
may be based on a processing program stored in the 
ROM 66 so that a distance signal is automatically input 

2S to the controller 6d for each sheet of recording paper P, 
or. instead, a user may input a command signal from an 
operation panel on the printer body 3 when printing on 
a sheet of recording paper P having a different thick- 
ness. 

30 [0134] Since the discharge direction of the ink drop- 
lets i can be adjusted easily for.the printer 1 even when 
printing on sheets of recording paper P having different 
thicknesses, high quality images without unevenness 
can be printed on sheets of recording paper P having 
different thicknesses. IWoreover, by inputting a distance 
signal to the controller 68 for each sheet of recording 
paper P used for the printing, h^h quality images vi^th- 
out unevenness can be printed on the sheets of record- 
ing paper P even when a sheet of recording paper P 
having a different thickness is mixed into the stack of 
recording paper P. 

[0135] According to the ink droplet discharge method 
described above, the discharge control method may be 
switched easily since the discharge angle of the ink 
dropletscan be changed. In otherwords, the high quality 
printing method disclosed in, for example, Japanese 
Patent Applrcatlon Nos. 2002-320861 , 2002-360408. 
2003-37343, 2003-55236, or the nozzle defect correc- 
tion method disclosed in Japanese Patent Application 
No. 2003-32128 : y be applied to the printer 1 . 
[0136] In the -.ve-descrlbed printer 1, the printer 
head 27 has thr rs of heating resistors 42a and 42b 
aligned In parallel in the width direction of the recording 
paper P. The structure of the printer head 27. however, 
is not limited to the above-described structure. Any print- 
er head that controls the discharge direction of the Ink 
droplets I by changing the amount of energy supplied to 
a plurality of heating resistors can adjust the discharge 
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direction of the ink droplets i by the methods described 
above. For example, prfnter heads 91, 101, and 111 Il- 
lustrated In Figs. 24A, 24B. and 24C, respectively, may 
be used. The prtnter head 91 includes a pair of heating 
resistors 92a and 92b aligned in parallel in the feeding 
direction of the recording paper P. The prtnter head 1 01 
includes three heating resistors 103a, 103b, and 103c 
in an Ink chamber 102. The printer head 111 Includes 
four heating resistors 113a. 113b, 113c, and Il3d in an 
Ink chamber 112. In Figs. 24A to 24C. the nozzles 93. 
1 04, 114 for the printer heads 91 , 101 , and 111 , respec- 
tively, are Indicated by the dashed line. 
[01 37] In the above-described printer 1 , the head car- 
tridge 2 was removable from the printer body 3. Further- 
more, the Ink cartrklge 1 1 was removable from the head 
cartridge 2. The printer body 3 and the head cartridge 
2, however, may be an integral unit. 
[0138] The above-described printer 1 prints text and 
images on the recording paper P. The present Invention, 
however, may be appliedlo a wide range of apparatuses 
discharging a minute arr>ount of liquid. For example, the 
present invention may be applied to a discharge appa> 
ratus for ONA chips in a liquid (Japanese Unexamined 
Patent Application Publication No. 2002-34660) or a liq- 
uid discharge apparatus tor discharging a liquid includ- 
ing conductive particles for fonning fine wiring patterns 
on a printed wiring board. 

[0139] In the above-described printer 1, the ink 4 is 
discharged by electro-thermal conversion wherein the 
ink 4 Is heated by the pair of heating resistors 42a and 
42b and discharged from the nozzles 44a. The ink 4. 
however, may be discharged from the nozzles by an 
electro-mechanical conversion element such as a pie- 
zo-electric element. 

[01 40] The above -described printer 1 was a line print- 
er. The printer 1, however, is not limited to this. The 
present Invention nnay be applied to a serial inkjet printer 
having an ink head that moves in the direction substan- 
tially orthogonal to the paper feeding direction. In such 
a case, at least a plurality of pressure-generating ele- 
ments is disposed on the printer head of the serial inkjet 
printer 



Claims 

1. A liquid discharger capable of acQusting discharge 
angles, comprising: 

Ink chambers for holding liquid; 

a supply unit for supplying liquid to the ink 

chamber; 

at least two pressure-generating elements for 
pressuring the liquid In each of the Ink cham- 
bers; 

a discharging unit having outlets for discharg- 
ing droplets of the liquid pressurized by the 
pressure-generating elements from the ink 



chambers; 

a discharge commller for driving the pressure- 
generating elements and controlling the dis- 
charge angle of the droplets discharged from 
$. the outlets; and 

a colorlone detectorfor detecting the coiortone 
of a region where the droplets land on an object, 

wherein the discharge controller drives the . 
10 pressure-generating elernents based on a cok>r 
tone signal sent from the color tone detector. 

2. The liquid discharger aoGording to Claim 1 , further 
comprising: 

fs ' 

a measuring unit for measuring the distance 
from the outlets to the oblect; 

wherein the discharge controller drives the 
so pressu re-generating elements based on a distance 
signal sent from the measuring unit, 

3. The liquid discharger accord! ng to Claim 1 , wherein 
the outlets of the discharging units are aligned sub- 

2S stantlally linearly. 

4. The liquid discharger according to Claim 1 , wherein 
the discharging unit controls the amount of energy 
to be supplied to the. pressure-generating elements 

30 or the timing of the supply of the energy. 

5. A ik:|uid discharge adjustment method for adjusting 
a discharge angle for a liquid discharger comprising 
ink chambers for holding liquid, a supply unit for 

55 supplying liquid to the ink chamber, at least two 
pressure-generating elements for pressuring the 
liquid in each of the ink chambers, and a discharg- 
ing unit having outlets for discharging droplets of the 
liquid pressurized by the pressure-generating ele- 

M ments from the ink chantbers, the method compris- 
ing the steps of: 

discharging droplets from the outlets while 
changing the discharge angle o1 the droplets by 

4s driving the press ure-generating elements by a 

discharge controller to control the discharge 
angle of the discharged droplets: 
landing the droplets on an object while chang- 
ing the discharge angle of the droplets; 

50 detecting the color tone of a region where the 

droplets land on the object by a color tone de- 
tector; and 

driving the pressure-generating elements by 
the discharge controller based on a color tone 
55 ' signal sent from the color tone detector. 

6. The liquid discharge adjustment method according 
to Claim 5, further comprising the steps of: 
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measuring the distance from the outlets to the 
object by a measuring unit; and 
driving the pressure-generating elements by 
the discharge controller based on a distance 
signal sent from the measuring unit. 

The liquid discharge adjustment method according 
to Claim 5, wherein the outlets of the discharge unit 
are aligned substantially linearly. 

The liquid discharge adjustment method according 
to Claim 5, further comprising the steps of: 



controlling the amount of energy to bo supplied 
or the timing of the energy to be supplied to the ts 
pressure-generating dements of the discharge 
unit. 
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